Context. The [Sr/Ba] and [Y/Ba] scatter observed in some galactic halo stars that are very metal-poor stars and in a few individual stars of the oldest known Milky Way globular cluster NGC 6522, have been interpreted as evidence of early enrichment by massive fast-rotating stars (spinstars). Because NGC 6522 is a bulge globular cluster, the suggestion was that not only the very-metal poor halo stars, but also bulge stars at [Fe/H] ∼ −1 could be used as probes of the stellar nucleosynthesis signatures from the earlier generations of massive stars, but at much higher metallicity. For the bulge the suggestions were based on early spectra available for stars in NGC 6522, with a medium resolution of R∼22,000 and a moderate signal-to-noise ratio. Aims. The main purpose of this study is to re-analyse the NGC 6522 stars previously reported using new high-resolution (R∼45,000) and high signal-to-noise spectra (S/N>100). We aim at re-deriving their stellar parameters and elemental ratios, in particular the abundances of the neutron-capture s-process-dominated elements such as Sr, Y, Zr, La, and Ba, and of the r-element Eu. Methods. High-resolution spectra of four giants belonging to the bulge globular cluster NGC 6522 were obtained at the 8m VLT UT2-Kueyen telescope with the UVES spectrograph in FLAMES-UVES configuration. The spectroscopic parameters were derived based on the excitation and ionization equilibrium of Fe I and Fe II. 
Introduction
The heavy-element abundances in very old stars have been interpreted by Truran (1981) to correspond to r-process prod-
Send offprint requests to: B. Barbuy
⋆ Observations collected at the European Southern Observatory, Paranal, Chile (ESO), under programmes 88.D-0398A.
ucts, because the s-process enrichment cannot proceed promptly in the early Galaxy. On the other hand, it is well-known that rotation in massive stars can explain high primary nitrogen abundances in low-metallicity stars, because of internal mixing induced by rotation (e.g. Barbuy 1983; Chiappini et al. 2006 ). It has now been shown that s-elements can also be produced in fast-rotating massive stars, or spinstars (Pignatari et al. 2008; Frischknecht et al. 2012) . Chiappini (2013) described the impact of spinstars on the chemical enrichment of the early Universe, and how some of the very metal-poor halo data can be better matched when the spinstar's contribution is taken into account. Chiappini et al. (2011, hereafter C11 ) reported the first s-process detailed nucleosynthesis calculations made by Frischknecht and collaborators for a fast-rotating massive star of 40 solar masses, with a metallicity [Fe/H] = −3.8 and rotational velocity V rot = 500 km s −1 . It was shown that s-process elements in this star were boosted by up to four orders of magnitude with respect to a non-rotating star of same mass and metallicity (see their Fig. 2 ). An extended grid of spinstar models was later computed and published in Frischknecht et al. (2012) . In particular, these calculations indicate an enhancement of the heavy elements Sr, Y, La, and Ba that are measurable in stellar spectra.
The yields of the first very metal-poor supernovae in the Galactic halo can be studied in the most metal-poor stars (e.g. Cayrel et al. 2004) , whereas in the Galactic bulge a star formation rate enhanced by a factor 10 relative to the halo (e.g. Ballero et al. 2007 ) resulted in the oldest bulge stars having [Fe/H]∼ −1.0 (Chiappini et al. 2014, in prep.) . Evidence for the oldest bulge stellar populations having [Fe/H]∼ −1.0 was reported in Lee (1992) and Dékány et al. (2013) , in studies of bulge RR Lyrae with this metallicity. Also, a significant number of very old globular clusters with this metallicity was also found in the inner bulge (Minniti 1995; Rich et al. 1998; Barbuy et al. 2009, hereafter B09) .
In C11 the stellar yields of the 40 solar mass spinstar were compared with the [Y/Ba] and [Sr/Ba] ratios observed in very metal-poor halo stars and with the abundances derived for red giant stars of the bulge metal-poor globular cluster NGC 6522. These abundances were first reported by Barbuy et al. (2009, hereater B09) . C11 suggested that bulge stars with a metallicity of [Fe/H]∼−1 might also hold information on the nature of the first generations of stars, as has been known to be the case for halo stars with metallicities below [Fe/H] ≃ −3 (e.g. Truran 1981; Cayrel et al. 2004) . Although there are bulge stars with lower metallicities, the bulge metallicity distribution shows a sharp cutoff around [Fe/H] = −1 (e.g. Ness et al. 2014; Zoccali et al. 2008) . Despite uncertainties in the NGC 6522 data, the eight stars measured showed a scatter in the [Y/Ba] ratio similar to that observed in very metal-poor halo stars (with [Fe/H] < −3).
In C11 it was then suggested that the highest values of the [Y/Ba] observed in the halo (around [Fe/H] = − 3) and bulge (around [Fe/H] = −1) was caused by the s-process contribution of spinstars. Indeed, according to spinstar models, their production would be strongly dependent on mass and rotationalvelocity, which would explain the observed scatter in the ratio of two chemical elements dominated by the s-process nucleosynthesis of two different s-process peaks. Although this explanation seemed unique for three stars of NGC 6522, other alternative explanations for stars with lower [Y/Ba] ratio at metallicities around [Fe/H] = −1 cannot be discarded, such as the AGB mass-transfer contribution (Bisterzo et al. 2011) . Moreover, it was also clear that the spinstar contribution is probably complementary to that coming from r-process nucleosynthetic sites (e.g. Goriely et al. 2013; Nakamura et al. 2013; Wanajo 2013; Qian 2012; Winteler et al. 2012; Arcones & Marínez-Pinedo 2011) .
More recently, it was possible to quantitatively test these ideas for halo stars thanks to the more complete grid of spinstar stellar models provided in Frischknecht et al. (2012) . With this grid we computed inhomogeneous chemical evolution models for the halo Cescutti & Chiappini 2014) and showed that indeed the observed scatter in abundance ratios of two predominantly s-process elements in stars with metallicities between −4 < [Fe/H] < −3 can be well explained if the s-process contribution of spinstars in the early chemical enrichment of the Universe is considered. Aoki et al. (2013) proposed an alternative scenario for the scatter in [Sr/Ba] . Their suggestion is that the explosion of core collapse SNe could produce r-process, but in some cases the r-processrich material is not ejected because of the subsequent collapse of the proton-neutron star to a black hole. On the other hand, there is currently no clear evidence from Galactic chemical evolution simulations that explosive primary processes alone can explain the observed distribution of [Sr/Ba] with respect to the [Fe/H] in the Galactic halo, with an observed peak of at about [Fe/H] ∼ −3, while this is the case for the s-process from spinstars (Cescutti & Chiappini 2014 ). This result is also confirmed taking into account a recent re-analysis of Sr observations in a large sample of metal-poor stars (Hansen et al. 2013 ). This peculiar feature of the s-process from spinstars is due to the intrinsic nature of the s-process in spinstars, which is not primary even though the main neutron source does not depend on the initial metallicity of the star (Pignatari et al. 2008; Frischknecht et al. 2012) . For the bulge (Chiappini et al. 2014, in prep.) , we instead find that the scatter in these abundance ratios is smaler, which is a consequence of the higher star formation rate. Interestingly, these new models cannot explain the large overabundances reported in B09 and C11. As we will show here, the new high-quality spectra analysed suggest lower [Sr/Ba] and [Y/Ba] than what was reported before based on FLAMES-GIRAFFE lower resolution spectra, and hence agree well with our model predictions.
We present results from new spectra obtained with the FLAMES-UVES spectrograph at the VLT, at a resolution R∼45,000, and S/N∼ 90-130 in the red portion (580-680nm), and 70-130 in the blue portion (480-580nm), to verify the previous abundance results. A detailed abundance analysis of four stars in NGC 6522 based on these higher resolution spectra is carried out using MARCS model atmospheres (Gustafsson et al. 2008 ).
The observations are described in Sect. 2. Photometric stellar parameters effective temperature and gravity are derived in Sect. 3. Spectroscopic parameters are derived in Section 4, and abundance ratios are computed in Sect. 5. A discussion is presented in Sect. 6 and conclusions are drawn in Sect. 7.
Observations
The spectra of individual stars of NGC 6522 were obtained at the VLT using the UVES spectrograph (Dekker et al. 2000) in FLAMES-UVES mode. The red chip (5800-6800 Å) has the ESO CCD # 20, an MIT backside illuminated, of 4096x2048 pixels, and pixel size 15x15µm. The blue chip (4800-5800 Å) uses the ESO Marlene EEV CCD#44, backside illuminated, of 4102x2048 pixels, and the pixel size is 15x15µm. The UVES standard setup 580 yields a resolution R ∼ 45,000 for a slit width of 1 arcsec.The pixel scale is 0.0147 Å/pix, with ∼7.5 pixels per resolution element at 6000 Å.
The data were reduced using the UVES pipeline, within the ESO/Reflex software (Ballester et al. 2000; Modigliani et al. 2004) . The log of the 2011-2012 observations is given in Table  1 . The spectra were flatfielded, optimally extracted, and wavelength calibrated with the FLAMES-UVES pipeline. Spectra extracted from different frames were then co-added, taking into account the radial velocities reported in Table 2 .
Previous observations by Zoccali et al. (2008) and B09 were taken in the wavelength range λλ 6100-6860 Å, using the GIRAFFE setups HR13 (λλ 6120-6402 Å), HR14 (λλ 6381-6620 Å), and HR15 (λλ 6605-6859 Å) at a resolution R=22,000 and S/N = 80-100.
The present UVES observations centred on 5800 Å yield a spectral coverage of 4800 < λ < 6800 Å, with a gap at 5708-5825 Å. Five of the eight stars analysed in B09 and C11 were observed. The spectrum of B-108, however, appears to correspond to a much hotter star than in the early data (see detailed discussion in Sect. 5.2) Table 3 gives the selected stars, their OGLE and 2MASS designations, coordinates, and the V, I magnitudes from the OGLE-II catalogue (Udalski et al. 2002) together with the 2MASS JHK s (Skrutskie et al. 2006 ) and VVV JHK s magnitudes (Saito et al. 2012 ). 
Radial velocities
In The radial velocities reported in B09 were revised. It was verified that the values given in B09 for setups HR14 and HR15 do not correspond to their radial velocities, given that these spectra had been shifted in wavelength, when they were reduced as presented in Zoccali et al. (2008) . The observed radial velocities v r were measured in each of the setups, and the HR14 and HR15 spectra were shifted to the same v r zero point as that of HR13 (by means of an empirical differential heliocentric correction measured as the mean shift in radial velocity of all the stars, between a given setup and HR13). An average was taken as if all the spectra were taken on the same day as HR13. Then the heliocentric correction to v r was calculated for the HR13 setups and was applied to all spectra. Therefore the vr values from HR14 and HR15 given in B09 should be disconsidered, as well as the mean value of v hel r = -24.9±0.7 km s Rutledge et al. (1997a,b) . A value of v hel r = −28.5±6.5 km s −1 was derived by Terndrup et al. (1998) , and v hel r = −21.1±3.4 km s −1 is reported in the compilation by Harris (1996 Harris ( , updated in 2010 1 .
Finally, the variations of radial velocities given in Table 2 are within the errors, indicating that there is no evidence of binarity. In particular, the mass transfer from an AGB companion scenario, mentioned in Sect. 1, would be favoured in case of such evidence.
Photometric stellar parameters

Temperatures
The VI JHK s magnitudes are given in Table 3 . V and I data of NGC 6522 were collected from the Optical Gravitational Lensing Experiment (OGLE) survey, the OGLE-II release, Field Bul-SC45 from Udalski et al. (2002) , 2MASS J, H, and K s from Skrutskie et al. (2006) 2 and J, H, and K s from the Vista Variables in the Via Lactea survey (VVV, Saito et al. 2012) . Note that for star B-130, the NASA/IPAC IRSA data base currently lists J=11.850, but the previous value of J=12.850, as given in B09, appears to be correct.
We adopted a reddening of E(B − V) = 0.45 according to the discussion in B09. Reddening laws from Dean et al. (1978) and Rieke & Lebofsky (1985) , namely,
Effective temperatures were derived from V − I, V − K, and J − K using the colour-temperature calibrations of Alonso et al. (1999, hereafter AAM99) . To transform V − I from the Cousins to the Johnson system we use the relation (V−I) C =0.778(V−I) J (Bessell 1979) . The J, H, K S 2MASS magnitudes and colours were transformed from the 2MASS system to that of the California Institute of Technology (CIT), and from this to that of the Telescopio Carlos Sánchez (TCS), using the relations established by Carpenter (2001) and Alonso et al. (1998) . The VVV JHK s colours were transformed to the 2MASS JHK s system using relations reported by Soto et al. (2013) . The derived photometric effective temperatures are listed in Table 4 .
Gravities
Adopting T ⊙ =5770 K, M bol⊙ =4.75, M * =0.85 M ⊙ and a distance modulus of (m−M) 0 = 13.91, A V = 1.72 , the following classical relation was used to derive gravities:
The bolometric corrections from AAM99 and corresponding gravities are given in Table 4 .
Spectroscopic stellar parameters
The equivalent widths (EW) were measured using the automatic code DAOSPEC that was developed by Stetson & Pancino (2008 Table A .5, where they are compared with values from B09. We restrained the list of Fe lines to those in the region 6100-6800 Å for the usual reasons of a higher S/N ratio and a lower line crowding in this wavelength region, than in the region 4800-6100 Å. Another reason was the possibility of a more straightforward comparison of differences in the stellar parameters of B09. For star B-108 we also measured the lines of star B-108 using IRAF for a comparison. In Fig. A.1 we compare EWs from B09 and the present measurements, as well as their residuals. The EWs for stars B-107, B-122, B-128, and B-130 agree well within ±20mÅ. For B-108 the values show a large scatter, which can be explained recalling that for this object two stars were included in the slit, as explained in Sect. 5.2. We also searched for a possible trend between EW and wavelength, but found none, except for lines in the region 6700-6800 Å, but since we only used lines with 30 < EW < 100 mÅ, only very few EWs for lines in this region were used.
The error in EWs as given by Cayrel (1988) and Cayrel et al. (2004) 
We measured a mean FWHM = 12.5 pixels, or 0.184 Å. The CCD pixel size is 15 µm, or δx = 0.0147 Å in the spectra. By assuming a mean S/N=100, we derive an error ∆EW ∼ 0.8 mÅ (note that this formula neglects the uncertainty in the continuum placement).
For the Fe I line list given in Table A .5, we employed the respective oscillator strengths described in Zoccali et al. (2004) and Barbuy et al. (2006 Barbuy et al. ( , 2007 .
Photospheric 1D models for the sample giants were extracted from the MARCS model atmosphere grid (Gustafsson et al. 2008) . The LTE abundance analysis and the spectrum synthesis calculations were performed using the code described in Spite (1967) , Cayrel et al. (1991) , Barbuy et al. (2003) , and Coelho et al. (2005) . An iron abundance of ǫ(Fe)=7.50 (Grevesse & Sauval 1998) was adopted. Molecular lines of CN (A 2 Π-X 2 Σ), C 2 Swan (A 3 Π-X 3 Π), TiO (A 3 Φ-X 3 ∆) γ, and TiO (B 3 Π-X 3 ∆) γ' systems were taken into account.
The stellar parameters were derived by initially adopting the photometric effective temperature and gravity, and then further constraining the temperature by imposing an excitation equilibrium for the Fe I lines. Five Fe II lines were measurable, and their respective oscillator strengths from Biémont et al. (1991) were renormalized by Meléndez & Barbuy (2009 Table 4 . An example of excitation and ionization equilibria using the Fe I and Fe II lines is shown in Fig. 1 for star B-128. We preferred to use the spectroscopic parameters for consistency to fulfill the excitation and ionization equilibria of the Fe lines, even if overionization of Fe is expected, which might change these equilibria somewhat. The difference in abundances between Ti I and Ti II of 0.13 dex can be interpreted as having a too high effective temperature. We found spectroscopic temperatures systematically hotter by 200 K than the photometric temperatures (e.g. Zoccali et al. 2004 ). In Table 4 a second line is added for each star, that lists the stellar parameters derived from GIRAFFE spectra in B09. The agreement is excellent, considering that the two derivations were made entirely independent of each other, with the only constraint of using the same list of Fe lines (with EWs measured from GIRAFFE and UVES).
Solar and Arcturus abundances
The lines were checked in the solar spectrum observed with the same instrumentation as the sample stars 3 and in the Arcturus spectrum (Hinkle et al. 2000) . The solar abundances from the literature are given in Table 5 . We adopted the Grevesse et al. (1998) abundances, which are similar to the latest abundances by Grevesse et al. (2014) or those by Lodders (2009) . Literature parameters and abundances in Arcturus (α Boo, HR 5340, HD 124897, HIP 69673) are given in Table 6 , with the parameters and abundances of the elements derived here for Arcturus reported in the last line of Table 6 . Table 5 . Solar r-and s-process fractions from Simmerer et al. (2004) , and solar abundances from 1: Kurúcz (1993) ; 2: Grevesse et al. 1998; 3: Asplund et al. 2009; 4: Lodders 2009; 5: Grevesse et al. 2014 . Note: A(X) = log(X/H)+12. 
Star B-108
The star B-108 did not easily converge in terms of spectroscopic parameters. Therefore we investigated the star B-108 in detail, which was reported to have large heavy-element enhancements in C11.
We show in Fig. 2 the Advanced Camera for Surveys (ACS) of the Hubble Space Telescope image, taken on 10/07/2003, and superposed the size of the fibers of UVES and GIRAFFE, which are 1.
′′ 0 and 1. ′′ 2. The sample star B-108 has no reported proper motions in the OGLE-II or in the UCAC4 (Zacharias et al. 2013 ) data bases. For the other sample stars the proper motions are of the order of 0.005 arcsec/yr, which are low enough not to change its location relative to the fiber size. From the ACS image it appears that the OGLE-II coordinates of star B-108 are shifted Table 4 . Photometric stellar parameters derived using the calibrations by Alonso et al. (1999) for V − I, V − K, J − K, bolometric corrections, and bolometric magnitudes and the corresponding gravities log g, and final spectroscopic parameters. For each star the last columns in the first line give the spectroscopic parameters from UVES spectra (present work), and the second line reports those derived from GIRAFFE spectra in B09.
Photometric parameters
Spectroscopic parameters relative to its location. This is a warning not to use the coordinates directly but to verify images when possible. The image also shows that there is a blend of two stars. We examined the spectra in more detail, and in fact the asymmetry of lines reveals spectra of two stars of similar radial velocity, but with a small difference, as exemplified in Fig. 3 . The lower resolution of GIRAFFE caused a misanalysis of star B-108 in B09, while the UVES higher resolution which permits a better deblending of the spectra of the two stars, led to a less satisfactory set of parameters.
B-108 was finally discarded from the sample because o a clear contamination of its spectrum, and previous abundances of this star cannot be considered. It would be useful to observe both of these blended stars and determine whether the abundance enhancements detected in C11 are present.
Abundance ratios
Abundances ratios were obtained by means of line-by-line spectrum synthesis calculations that were compared with the observed spectra, for the line lists given in Tables 8, 9 , and 11.
Carbon, nitrogen, and oxygen
The carbon abundances were estimated from the C 2 (0,1) bandhead at 5635.3 Å. The fit to B-122 is shown in Fig. 4 . Since the bandhead is extended, as can be seen in Fig. 4 , a mean value was deduced from the overall fit, but giving more weight to the bandhead. The list of C 2 lines is the laboratory list from Phillips & Davis (1968) The resulting C and N abundances are given in Table 7 .
The forbidden oxygen line [OI] 6300.311 Å in B-128 and B-130 can be detected on the right side of a telluric line. The same is true for B-122, but the oxygen line is weaker. To examine this we overplotted the spectrum of a B star with high rotation that shows a continuum with the telluric lines in it. For B-107 there is no blend with a telluric line, but the oxygen line appears anomalously strong.
The [OI] 6363.776 Å line has the advantage of not being masked by telluric lines, but the disadvantage of being weaker and blended on the blue side by a FeI line.
The nitrogen abundances were measured using the CN (5,1) 6332.18 Å and CN (6,2) 6478.48 Å of the CN A 2 Π-X 2 Σ red system. The CN(5,1) bandhead in star B-128 is shown in Fig.  5 . We iteratively recomputed the abundances in a sequence C, O, and N, because the N abundance is very sensitive tothe C abundance in CN molecules, and O is sensitive to C abundances, because of the CO formation. 6.2. Odd-Z elements Na, Al, and alpha elements
In Table 8 we report the line-by-line α-element and odd-Z element abundances for the same line list as in B09, which essentially agrees well for the two abundance derivations. In Table Fig 9 we report a complementary list of lines in the wavelength region 4800 -6100 Å, now available with the UVES spectra. This bluer line region is subject to more blending lines however, and is therefore less reliable. We list oscillator strengths from the literature and the adopted values based on fits to the solar spectrum observed with the UVES spectra as used in Sect. 3.1. Table 10 lists the final abundance results from Tables 8 and  9 .
Odd-Z elements Na, Al We inspected the abundance results as a function of effective temperature and microturbulence velocity. The abundances of odd-Z elements Na and Al show a trend vs. effective temperature, which was corrected for. The corrected values are given in parenthesis in Table 10 . For the other elements there is no evidence of a significant trend.
Alpha elements
The 'bona-fide' α-elements in terms of nucleosynthesis production by SNe type II, O, and Mg, are enhanced in the four sample stars. Silicon is moderately enhanced, and Ca is moderately enhanced in two stars and is solar in one star. As for Ti, TiII gives moderate enhancements, while TiI gives solar ratios, and for both we find a mean low enhancement of +0.05
The Carretta et al. (2009) are plotted in Fig. 6 . The present results are plotted with the original Na abundance derivation, and the values were corrected as explained above.
The four sample stars have [Na/Fe]∼0 and do not seem to show a Na-O anticorrelation, differently from NGC 6121 and many other clusters, as shown by Carretta et al. (2009) . More stars are needed to arrive at definitive conclusions. Since the stars in our sample share the same Na enrichment, we may conclude that they belong to the same generation within the cluster. The rather low [Na/Fe] ratio indicates that probably they all belong to a first generation of stars.
Heavy elements
We derive the abundances of the neutron-capture elements Sr, Y, Zr, La, and Ba and the reference r-element Eu.
For the heavy elements Sr, Y, Zr, La, Ba, and Eu, the first ionization stages dominate the total abundances in the studied effective temperature range (4000 < T eff < 6000 K), therefore we preferentially used lines of ionized species. Because of a lack of reliable ionized lines, we also measured abundances from lines of Sr I, Y I, and Zr I.
We checked the solar and Arcturus spectra for lines of these elements by computing synthetic spectra and verifying the change in their intensities that is due to changes in abundances. The lines were selected when their contribution to the line in question was dominant, as well as by checking which of them were present and measurable in the sample stars, even if in some cases they are too faint in the solar and/or Arcturus spectra.
The wavelengths, excitation potentials, and oscillator strengths were gathered from the line lists of the Kurúcz (1993) websites 4 5 , the National Institute of Standards & Technology (NIST, Martin et al. 2002) 6 , and VALD (Piskunov et al. 1995) . The hyperfine structure (HFS) for the studied lines of La II, Ba II, and Eu II were taken into account. We computed the splitting of lines by employing a code made available by Andrew (Lodders 2009 ). Experimental data on hyperfine coupling constants, the magnetic dipole A-factor, and the electric quadrupole B-factor were adopted from Biehl (1976) and Rutten (1978) , as given in Lanthanum: The nuclear spin of the nuclide 139 La that contributes with 99.911% to the lanthanum abundance is I=7/2. Hyperfine coupling constants A and B were adopted from Biehl (1976) and Lawler et al. (2001a) as given in Table A .3. For the LaII 6262.287 Å line we adopted the HFS calculation by Van der Swaelmen (2013). Table 10 . Mean abundances of C, N, odd-Z elements Na, Al, and α-elements O, Mg, Si, Ca, Ti. For Na and Al the abundance ratios in parenthesis are corrected for a trend with effective temperature. Europium: The nuclear spin of the nuclides 151 Eu, and 153 Eu is I=5/2, and their isotopic proportions are 47.8% and 52.2% (Lawler et al. 2001b) . Hyperfine coupling constants A and B are taken from Lawler et al. (2001b) . The HFS splitting was adopted from line lists by Hill et al. (2002) , and show a perfect fit to the solar and Arcturus lines. The EuII 6173.029 Å line is too faint in all sample stars, and could not be measured.
For Sr, Y and Zr no HFS constants were found in the literature. We comment below on lines of Y and Sr used in C11:
Yttrium: The Y I and Y II lines employed are reported in Table 11 . The main Y abundance indicator used in C11 was the Y II 6613.733 Å line, and we proceed with a detailed description of this line. The Y II 6613.733 line has a blend with the Fe I 6613.830 Å line, which is 0.097 Å apart. The log gf values of these two lines given in the literature are too strong, and to be able to use this line, we fitted astrophysical log gf values. The solar line was fitted to the solar spectrum observed with UVES, and an oscillator strength of log gf = -1.2 was chosen. The blending Fe I 6613.830 Å was fitted with log gf = -5.8. The list of log gf values around this line is given in Table A .4.
The fitting was then applied to the spectrum of Arcturus using these log gf values, and was computed with different abundances of yttrium: the [Y/Fe]=-0.3 value assumed from the other Y lines fits the line well, and higher Y abundances will show as a stronger line, whereas a lower Y cannot be seen, only a lower limit is possible in this case. These fits are shown in Fig. 7 . On the left wing of the blend Y II 6613.733 + Fe I 6613.830 Å line, there are two additional Ti I 6613.599 and 6613.620 Å lines in the VALD data base that are not given in the Kurúcz line list, with only the Ti I 6613.626 Å given in both data bases. The log gf of these three Ti I lines were corrected by -0.3 dex, as given in Table A .4 to fit the Arcturus spectrum. The fits to the new UVES spectra are shown in Fig. 8 . Even though this line gives higher Y abundances than the other lines, no suitable Y lines are available, therefore the results from this line were taken into account together with the others. Previous GIRAFFE spectra with lower resolution were clearly better fitted with even higher Y abundances.
The fits to Y I 6435 and Y I 6795 Å lines in star B-128 are shown in Fig. 9 .
In C11 stronger Y abundances were derived, because of a slightly lower log gf value of the blending Fe I 6613.830 Å line with log gf = -5.85, instead of -5.80, and the Y II 6613.733 line with a log gf = -1.25 instead of -1.20. These lower log gf values, combined to the lower resolution of the spectra, led to higher Y abundances.
Strontium: The Sr I 6550.244 Å line is blended with nine lines, four of which coincide with the Sr I line (Table A.4) , and the log gf values of these lines, currently listed in the VALD data base, are stronger than the observed lines for the Sun, Arcturus, and the sample stars. We conclude that some of their log gf values are clearly inaccurate, and since they are blended with each other, it is not possible to derive astrophysical log gf relative values with confidence. This line was therefore discarded in the present work.
In C11 we used a line list with astrophysically fitted log gf values, and the lower resolution of the spectra appeared to show a strong SrI 6550 line. Fig. 11 shows a comparison of the previous and current spectra for star B-128. The Sr abundances presented in C11, based on the Sr I 6550.244 Å, should be disconsidered.
Sr I 6503.989 Å instead is relatively unblended, showing a strong line on the red side, for which we derived astrophysical log gf values (since the VALD log gf values are again too strong), and blending lines are indicated in Table A .4. This line is the main indicator of the Sr abundance in the present work. To make the differences in Eu abundance from B09, C11, and the present work understandable, we show in Fig. 14 the spectra of star B-130 in the region of the Eu II 6645 Å line obtained with UVES in the present work, observed in 2011-2012, and the HR15 setup of the GIRAFFE spectrum studied in B09. The much stronger noise in the GIRAFFE spectrum with respect to the present UVES spectrum is clearly illustrated, showing that the spectra of the HR15 setup have a lower S/N than previously reported.
In conclusion, given the large uncertainties in the Sr abundances, based on a unique and faint line, we here focus our discussion on Y and Ba, similar to the decision made in C11.
Errors
The errors due to uncertainties in spectroscopic parameters are given in Table 13 , applied to the sample star NGC 6522: B-128. The error on the slope in the FeI vs. ionization potential implies an error in the temperature of ±100 K for the sample stars. An uncertainty of the order of 0.2 km s −1 on the microturbulence velocity is estimated from the imposition of constant value of [Fe/H] as a function of EWs. Errors are given on FeI and FeII abundances, and other element abundance ratios, induced by a change of ∆Teff=+100 K, ∆log g =+0.2, ∆v t = 0.2 km s −1 , and a total error estimate is given in the last column of Table  13 . Additionally, an uncertainty of 0.8 mÅ in EWs of Fe lines yields a metallicity uncertainty of <0.02 dex.
The errors on the abundance ratios [X/Fe] were computed by fitting the lines with the modified atmospheric model. The error given is the abundance difference needed to reach the final abundances reported. 
Discussion
We derived a mean metallicity of [Fe/H]=−0.95±0.15, which agrees well the results of B09. The final mean abundances are given in Table 10 for C, N, odd-Z elements Na, Al, and the α-elements and in Table 12 for the heavy elements.
To better place the derived abundances in the context of bulge studies, we compare the present results with literature abundances of heavy elements in bulge stars. Johnson et al. (2012) derived abundances of the heavy elements Zr, La, and Eu in common with our element abundance derivation. Their observations were of red giants in Plaut's field, located at l=0
• , b=-8
• , and l=-1 • , b=-8.
• 5, and their stars have metallicities in the range −1.6 ≤ [Fe/H] ≤ +0.5. Yong et al. (2014) studied seven stars in the globular cluster M62 (NGC 6266), located at J (2000) 17 h 01 h 12. ′′ 80, −30
• 06'49. ′′ 4, l = 353.
• 57, b = 7.
• 32, which is within the bulge volume. Bensby et al. (2013 and references therein) presented element abundances of 58 microlensed bulge dwarfs and subgiants of the Galactic bulge. Their study included the abundances of the heavy elements Y and Ba. Because the authors report ages, including younger stellar populations present in the bulge, we selected a subsample of stars with ages older than 11 Gyr. Table 13 . Abundance uncertainties for star B-128, for uncertainties of ∆T eff = 100 K, ∆log g = 0.2, ∆v t = 0.2 km s −1 and corresponding total error. The errors are to be added to reach the reported abundances. we did not take NLTE effects into account in our determina- tions. For a similar NLTE correction for the stars in NGC 6522, the discrepancy with M62 stars would be less relevant. We used a different line, which means that the same correction might not apply. Nevertheless, while we cannot discard that the two clusters have different [Sr/Fe] ratios, this possibility seems unlikely since the other measured abundances are consistent, and we qualitatively expect NLTE effects on our line at Sr I 6503 as well. It is important to note that lines in the bluer region are prohibitive in terms of exposure times and expected S/N ratios, because our sample stars that are faint in the optical and are located in rather high extinction regions in the bulge. chemical evolution model for the Galactic bulge where the enrichment in heavy elements takes place both in spinstars and in magneto-rotationally driven (MRD) supernovae (Chiappini et al. 2014, in prep .; see also Cescutti & Chiappini 2014; Cescutti et al. 2013) . As explained in the introduction, at the time C11 was published there were still no available grids of very metalpoor stellar models of fast-rotating spinstars. The situation has now improved and we can now compute chemical evolution models that include the contribution of spinstars also for heavy elements such as Y and Ba. From our most recent model predictions we find that although for the halo the contribution of spinstars leads to a large scatter in the [Y/Ba] ratios around [Fe/H] = −3 , Cescutti & Chiappini 2014 , for the bulge the scatter is seen at a lower metallicity around −2 < [Fe/H] < −1. This is particularly true in the case shown here, where the site for the r-process is assumed to be MRD supernovae). The main reason for this is the star formation rate in the bulge that is faster than in the halo. More details are reported in Chiappini et al. (2014, in prep.) . In the lower panel we also show our old measurements for the re-observed stars. It is clear from this figure that the new chemical abundances obtained here are agree better with our model predictions for the bulge. We recall that a good agreement with the [Y/Ba] ratio observed in halo stars is also obtained for a halo model adopting the same nucleosynthesis prescriptions as those adopted in the bulge model shown here (Cescutti & Chiappini 2014) . The star B-108 was discarded, as discussed in Sect. 4.2.
As discussed in C11, the s-element excesses might be due to an s-process enrichment of the primordial matter from which the cluster formed, or to the s-process that occurred in nearby AGB stars during He-shell flash episodes, and the ejected material would then have been accreted by the sample stars during their formation process. This latter explanation would also account for some spread in the Ba abundances, hence offering an alternative explanation to the one involving the existence of spinstars in the early chemical enrichment of the Universe. C11 have shown that for five out of eight studied stars in NGC 6522 both scenarios would work, while for the remaining three stars (with the highest [Y/Ba] ratios) the abundances were not compatible with s-process nucleosynthesis in AGB stars, and this indicated that for these the early enrichment due to spinstars might be an option that would have to be investigated by the computation of chemical evolution models when stellar yields for spinstars would be available. Our most recent chemical evolution models for the bulge that include the contribution of spinstars suggest that the previous large enhancements reported in these three stars are incompatible with new calculations for the spinstar scenario. Among these three stars only one (B-130) was re-observed, and its new abundance agrees well with our model predictions. Given this situation, it would be important to try to secure high quality data for the other star F-121 as well. The interpretation that the observed enhancements in La, Ba, Y and Sr in these very old bulge stars are due to early massive spinstars (C11) is still valid, but not anymore unique.
It is important to stress that the suggestions made in C11 opened a new field of evidences concerning bulge stars. Fig.  12 shows that at the metallicity around [Fe/H]∼−1.0, Johnson et al. (2011 ), Bensby et al. (2013 ), and Yong et al. (2014 (Yong et al. 2014 ), but the abundances for this element are very uncertain. The enhancement of the relement Eu is expected, and confirms that its long-established behaviour is similar to that of α-elements.
Conclusions
We present new abundances for four stars in the oldest known MW globular cluster, NGC 6522. The new abundances were obtained from high-resolution UVES spectra, with a high signal-to-noise. These stars had been studied with lower resolution spectra by Barbuy et al. (2009) and Chiappini et al. (2011) . A fifth star, B-108, was found to be displaced relative to the central J2000 coordinates in the OGLE-II catalogue (Udalski et al. 2002) , which we verified by comparing them with ACS/HST images, and therefore caution in future studies on bulge stars is recommended. Furthermore, the image shows that there is a blend of two stars, with similar radial velocities. This is confirmed by the asymmetries observed in the new high-resolution UVES spectra. B-108 was finally discarded from the sample because of a clear contamination of its spectrum, and previous abundances for this star cannot be considered either. It would be useful to observe both of these stars and examine whether the abundance enhancements detected in C11 are present. It would be very interesting to obtain high-resolution spectra of star F-121, for which an extremely high [Y/Ba] ratio had been estimated from FLAMES-GIRAFFE spectra in C11, in which only one better stronger line is blended, and other lines are faint. Nevertheless, we would expect that then the new Y measurement will be lower in agreement with the results presented in this work.
The four re-analysed stars now show abundances that are compatible with other recent measurements of heavy elements (Ba, Y, La, Zr, and Eu) in the Galactic bulge (Yong et al. 2014; Bensby et al. 2013; Johnson et al. 2014 ). An enhancement in s-process-dominant elements is found. In particular, the [Y/Ba] ratio of bulge stars in the field (Bensby et al. 2013) or in bulge metal poor globular clusters such as NGC 6522 (this work) and M62 (Yong et al. 2014 ) are very similar, and lower than indicated by the FLAMES-GIRAFFE spectra analysed in B09 and C11.
The new abundances agree much better agreement with recent inhomogenous chemical evolution models where spinstars were taken into account. Indeed, the theoretical predictions, which are now possible to compute thanks to the new grid of spinstar models published by Frischknecht et al. (2012) , indicate a moderate enhancements of the [Y/Ba] ratio at metallicities [Fe/H]∼-1.0. The milder enrichment found for Y compared with Ba, and the abundance scatter found for Ba and La makes the mass transfer contribution from s-process-rich AGB stars another possible scenario to explain the signature in NGC6522. The observation of Pb abundance, if feasible, would help to distinguish between these two scenarios, since AGB stars at [Fe/H]∼-1.0 are also able to efficiently produce Pb. Yong et al. (2014) for M 62 (magenta filled pentagons) and Bensby et al. (2013) for their stars older than 11 Gyr (green filled trianges). We also show chemical evolution model predictions for the bulge (see density scale in the colour bar at the bottom of the figure), where the contribution of both spinstars and magneto-rotationally driven (MRD) supernovae are taken into account (see Chiappini et al. 2014 , Cescutti & Chiappini 2014 ). Lower panel: same as the upper panel, but now also showing the old abundance values (open blue squares) for the stars for which we have re-obtained better chemical abundances (filled blue squares). The dashed line in both panels corresponds to the r-process fractions, which were adopted from Sneden et al. (2008) for metal-poor r-element-rich stars. Note that in all panels we have excluded star B-108.
In Table A .1 we list the hyperfine structure constants for the BaII 6141.713 and 6496.897 Å lines, in Table A .2 the list of lines substructured because of the hyperfine structure. In Table  A .3 we list the hyperfine structure constants for LaII lines studied in this work.
In Table A .4 we report the lines that blend and overlap Sr I 6503.989, 6550.244 Å, and Y II 6613.733. Table A presents Rutten (1978) , B constants from Biehl (1976) , and when the B constants were not available in the literature we assumed them to be null. 6141.713Å; χ=0.7036 eV 6496.897Å; χ=0.6043 eV log gf(total) = 0.0 log gf(total) = −0.32 
